To evaluate the effect of propranolol on capsular architecture around silicone implants by measuring the inflammation, capsular thickness, and collagen fiber density, using a guinea pig experimental model.
Introduction
Concepts about beauty have increased the demand for breast implants. According to the International Society for Aesthetic Plastic Surgery (ISAPS), over 1.2 million procedures were performed worldwide exclusively for breast augmentation in 2011 1 . In Brazil, according to the Brazilian Society of Plastic Surgery (SBCP), this number is over 150.000 each year 2 .
Foreign body reaction often interferes with the longterm functionality and performance of implanted biomedical devices through fibrous capsule formation 3, 4 . Both the wound healing and immune system have very complex interconnections and implanting biomaterials are likely to affect many of these pathways [3] [4] [5] . Despite silicone has being considered relatively inert, as any biomaterial implanted in the human body, its elicits this protective immune-inflammatory reaction from the organism, starting a rejection process that interferes with wound healing process and finish by encapsulating this foreign body too large to be eliminated by phagocytosis [6] [7] [8] [9] [10] [11] . Ordinarily beneficial, in some cases such capsules become pathologically active, and undergo an adverse capsular contracture (ACC), leading to swelling, spherical constrictive fibrosis, distortion, hardness and pain in the breast, with physical and psychological distress [10] [11] [12] [13] [14] .
Histologically, breast implant capsules have been well characterized. Long time ago it was hypothesized that collagen production and deposition might be increased by inflammation in contracted capsules since there is histological evidence for increased lymphocytes, macrophages and multinuclear giant cells [6] [7] [8] [12] [13] [14] . Also, the ratio of collagen type I:type III increases in rigid tissue compared with more distensible ones 15 . The management of ACC is a wellknown problem for plastic surgeons. ACC occurs in 0-74% of breast implant operations depending on the series, follow-up, implant shell and content, surface texture, presence of subclinical infection or accumulation of tissue fluids in the implant pocket, patient age, surgical technique and anatomical location of implants and others [9] [10] [11] [12] [13] [14] [15] [16] .
Just as there is no universally accepted etiology, no single unified hypotheses that explain pathogenesis of ACC have been identified. Nowadays, capsular contracture etiology and its development seem to be multi-factorial 13 . Also, no effective treatments for adverse capsular contractures have been identified. Revision surgery for capsulotomy or capsulectomy with implant exchange are the standard treatments 14 . Unfortunately, these procedures are associated with a high risk of complications, recurrences included [11] [12] [13] [14] .
A non-surgical therapy for ACC would be desirable;
however, so far, no study has clearly demonstrated their effectiveness.
Researchers and surgeons have used antimicrobials agents, steroids, non-steroidal anti-inflammatory drugs, and more recently, leukotriene antagonists to skirmish contracture, with little success and often with collateral effects [16] [17] [18] . Propranolol is a non-selective betaadrenoceptor antagonist that have a well recognized antihypertensive and antiarrythmic action and has been widely used in cardiovascular disease, migraine and post-traumatic stress disorder 19, 20 . Propranolol now is used as a first-line treatment in infantile hemangiomas when intervention is required [19] [20] [21] . Since propranolol's invention by Sir James Black and co-workers in 1960s 19 , it has been demonstrated that the peripheral nervous system has important participation in wound healing and that beta-blockers modulates stress-related injury, both wound healing and inflammation, facts that attracted the interest of numerous scholars and led to various hypotheses [19] [20] [21] [22] .
Souza et al. 22 demonstrated that sympathetic denervation accelerates wound contraction but delays reepithelialization in rats.
Recently was shown that early propranolol administration to severely injured patients can improve bone marrow dysfunction 23 . 
Follow-up and macroscopic assessment
After surgical procedures, animals were placed on a warm environment at 25ºC until complete recovering from anesthesia, and afterwards re-allocated to their respective boxes. Animals were daily observed for their level of activity, respiratory distress, diarrhea, starvation or weight gain, and refusal of food of food or water (indirect signals of infection or sepsis). The macroscopic aspects of wound and pocket implant were carefully inspected for dislocation or extrusion of the prostheses, as well for abscess, hematoma, seroma or wound dehiscence.If any sign of suffering was seen, the veterinarian was authorized to interrupt the research and to euthanize the animal.
Microscopic assessment
The involving skin, subjacent tissues, capsules and implants were removed en bloc and preserved for later qualitativequantitative analysis of histologic samples sectioned 5 to 7µm and stained with hematoxylin-eosin (H&E) and histochemical Sirius Red dye (SR) saturated with picric acid as described elsewhere [27] [28] [29] [30] .
SR-stained slides were used to analysis of collagen morphology and deposition under polarization.
Qualitative histologic analysis
H&E stained slides were used to establish the type and intensity of inflammation by scoring and to measure capsule thickness. Grading was done by an independent pathologist.
Briefly, acute inflammation was characterized by the findings of neutrophyls, polymorphonuclear cells, vascular congestion and diapedesis; as to the chronic inflammatory infiltrate, the presence of mononuclear cells (lymphocytes, plasmocytes and monocytes).
As described elsewhere 31 the two kinds of inflammation were classified by scores (0=absent; 1=discrete; 2=moderate, and 3=intense), three slides / animal. Collected data were used to calculate the average score from each group by timepoint. FIGURE 1 -Textured silicone implant.
Quantitative analysis of capsule thickness
H&E-stained sections were examined by light microscopy. Microscopic digital images were obtained as previously described 28 . The points of greatest thickness were located by scanning the sections at a magnification of x100, with 
Quantitative collagen analysis
New histological sections of 7 micrometers thickness were cut from the paraffin blocks that were utilized for the histopathological study. These sections were taken from the point of greatest capsular thickness from inner layer to outer lamina of In our pilot-study, these assessments were performed in two occasions separated by a lapse time of three months by two observers without knowledge of the clinic pathological stage and the results from the histological study using H.E. staining.
No significant inter-observer and intra-observer variability has been noticed.
Statistical analysis
In the descriptive analysis, data were summarized as means, medians, standard deviations, standard errors, 
Results

Macroscopic analysis
No infection or mortality was observed during the experiments, and no local complications were clinically detectable. Also, no evidence of inactivity, diarrhea, starvation or weight gain was observed. A thin, well vascularized, and loosely adherent capsule was found surrounding the implant in all animals, independently of the time of harvesting samples ( Figure 2 ). Although difficult to analyze, apparently the capsules from control group were more opaque and adhered to implant than capsules from propranolol-treated group.
Microscopic analysis
Capsule morphology and inflammation scores
A tri-laminar structure of the capsule was found in all specimens both in H&E and picrosirius stained samples. There was an inner cellular layer adjacent to the implant, an intervening lamina comprising loose connective tissue including an internal vascular supply and a rich cellular presence, and an outer layer collagenous layer of densely packed collagen fibres aligned parallel to the prosthese surface. The inner layer exhibited an epitheliallike single layer composed from fibrocytes and histiocytes, the so called synovial-type metaplasia (STM). The STM was less pronounced in propranolol group at 21 st post-operative day, although without statistical significance. Also, in some capsules villous hyperplasia was found (Figure 3) . Except for the apparent lesser vascularization (not quantified) in the middle layer from propranolol-treated group as compared to controls we did not observed gross differences between capsules. Table 2) .
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There was a trend to increasing collagen type I/type III ratios along the time in control group while in propranololtreated group these ratios exhibited lower and almost constant values along the time. was higher in control group. Proportionally, with the evolution of the post-operatory period, type I collagen increased, and was present in both groups ( Figure 7 ). The highest proportion of type III collagen in propranolol-treated group was of statistical significance at all time-points when both groups were compared; also it was significant into each group comparison. 
FIGURE 4 -Thickness measures of the capsular reaction
Collagen density
Propranolol was effective in impairing deposition of collagen type I fibers into capsule tissue surrounding silicone implants (p-value < 0.0001, one-way ANOVA, Kruskal-Wallis test) when compared to control group ( Figure 5 ).In the initial phase of the capsular formation (7 th day) the presence of collagen type I (reddish) was almost the same for all groups. Density of capsular collagen type III is illustrated in Figure 6 . 
Discussion
Adverse capsular contracture (ACC) should be regarded as an exaggeration of normal wound healing 6 . In patient populations, this condition is accompanied by overt symptoms and loss of esthetic results of breast augmentation 13 Since the first reports on capsular contracture in the literature, a number of preclinical studies have been conducted in an attempt to prevent its development, using different drugs (such as leukotriene receptor antagonists, antibiotics, anti-neoplastic and antifibroticagents, steroids and non-steroidal anti-inflammatory drugs) administered locally or systemically, but with disappointing results [3] [4] [5] [6] [7] [8] [9] [13] [14] [15] [16] . Thus, there is currently no proven pharmacological therapy for ACC 13 .
Special attention should be paid to the possibility of identifying an oral drug for the treatment of a complication that has serious physical, psychological and financial consequences and for which the only effective treatment is surgery. Propranolol is commonly used in the treatment of cardiovascular diseases 19 .
Also, propranolol is an effective, well-tolerated and safe first-line treatment for proliferative hemangioma [20] [21] . It is a non-selective
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competitive antagonist of beta-1 and beta-2 adrenergic receptors [19] [20] [21] .
Epinephrine or norepinephrine adrenoceptors, stress-released catecholamines,have been implicated in the pathophysiology of delayed wound healing of cutaneous lesions, acting by delaying the migration and activation of macrophages and neutrophils, inhibiting keratinocyte migration and re-epithelialization in vitro and in vivo wound models [22] [23] . Besides alteration of cellular activity related to inflammation, catecholamines stimulate vasoconstriction that causes hypoxia at the wound area and the increase of endothelial cell proliferation, vascular endothelial growth factor (VEGF) expression and angiogenesis. Also, catecholamines promote inhibition of eosinophil influx [23] [24] .
High concentrations of catecholamines may delay fibroblasts proliferation, myofibroblastic differentiation and collagen As for the method of measuring the thickness of the capsule and the collagen type I and type III deposition, the picrosirius polarization microscopy method plus digital measurement, previously described in another context was utilized [28] [29] [30] [31] . The use of conventional histology method to assess inflammation was necessary because it remains the most utilized method to assess capsular inflammation [32] [33] [34] [35] [36] [37] . Baker's classification and applanation tonometry did not seem very appropriate to investigate contractures or fibrosis in rodent models [16] [17] . Nowadays, the use of implants with smooth surfaces is no longer acceptable due to the fact that they behave differently regarding the occurrence of capsular contracture 11 Therefore, it was decided to use one type of textured prostheses so that responses to the use of propranolol could be verified efficiently without excessive number of variables. In this study, all samples from both groups exhibited a tri-layered capsule as described elsewhere by several scholars in human capsules and animal capsules surrounding textured implants 11, [33] [34] [35] [36] [37] .
Various authors mention that synovial-like metaplasia present in the interface capsule-textured implant is due to mechanic friction between implanted materiel and the peri-prosthetic tissue [37] [38] [39] .
The tissue invasion of STM directed to the coating texture (aka, villous hyperplasia) was found in all capsules examined, although without significant difference between groups. Despite these fact, propranolol was capable of reduce the thickness of capsular reaction tissue at all timepoints, suggesting an anti-proliferative or cytotoxic effect of the drug. propranolol exerted an anti-inflammatory effect that persisted through all the experiment.
The effect of propranolol in reducing capsular inflammation and thickness, and in modulating collagen deposition on textured implants observed in this experiment is consistent with findings from previous studies of others fibrosis conditions 19 , which showed that the application of nonselective beta-adrenoceptors antagonists inhibits maturation of collagen, reduces the number of vessels, collagen density, number of mast cells, eosinophils and myofibroblasts compared with control 22, 23, 25 .
These concerted actions of propranolol provide a new opportunity to support pharmacotherapeutic approaches to human adverse capsular contracture.
Conclusion
Propranolol reduces the risk of developing capsular fibrosis around silicone implants with textured surface in this guinea pig model.
